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ABSTRACT 4 . 

Research was cond-ucted to inVesti 
claisses of human attention modelsr early-select io 
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precise stimulus material (these required human a 
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disruptive onl^ at ^ slow pre sentatiori rate^ whil 
acoustic Similarity do not depend on presentation 
experiment^ subjects performed'a tone* detection t 
while simultaneously monitoring a digit; sequence 
opposite ear. Digits were recalled following ptB^ 
detection performance decreased as the number of 
recalled .increased. Both findings ajre interpreted 
early-selection attention models. (Authoj:) * . 
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/ . MVISION OF ATTENTION RELATIVE TO RESPONaK) BErvTEEN 

t ATT^I>rD AND UNATTENDED I FORMATION STIMULI 

KBarjy H. Kantowitz, Principal Investigator 



. Ai)stract 



liesearch was conducted to investigate two general classes of human 
'Attention models: Early-*selection models claim that atteiitional selec- 
tivity precedes mcznory and meaning extraction mechanisms while Late- 
selection models. posit the reverse. This research involved two 
components: (A) The development of simple, efficient, computer- 
oriented methods for generating rigorously precise stimulAs material 
required human attention ^experiments, and j(B) the execution o^ two 
experiments which employed computer-generated, stimuli. j 

The fii^texp^eriment^ examined the filtering characteristics of 
^)mention me^phiisms whien required to select'^from either :ou9»tically 
or semantically similar^ competing messages.^ Two competing messages 
were presented dichotitally at either a' fast (2^words/sec) j or slow 
(1 word/sec) rate. A probe technique was used to pssess . recall of 
^atte*nded and unattended messages. Results showed that sem£.ntlc 
similarity wasjrdisruptive only at slow presentation rate, \,hile 
eft^cts^of acoustic similarity did not depend on presentation rate. 
These findings were interpreted as supporting Early-selectipn 
attention, model with hierarchical filtering. ^ ' 

In the second experiment ^subjects performed a tone. detiictiCrn task 
in one ear, while simultaneously monitoring a digit, sequenc^ pi?esented 
in the opposite^ear. Digits were recalled following presennation. 
Tonfe detection performance decreased as number of digits tolbc recalled 
^increased. This effect was considered to:be localized in pelrceptjcial, 
rather than memory, stages and w;is. Interpreted as furthe.r supporjt for 
Early-selection attehtion models. 
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" ' • . , INTRODUCTION 

The research described in this finq^l report was aimed at distinguish- 
itig between two' general classes of attention models. The .ea^ly-eelection i 
models ^uch as those of Broadbent (1958) and Treisman (1969') Qlaim t/hat 
attention focuses on the •fetimulu^s representation and^ limits the amount - ^ * 
of information^ available for later t>rocessing; thus attention series 
to' gate out or attenu-ate irrelevant information thereby protecting ^Che 
organism from information overload. The late-s&lection models such as 
those of Norman (1959) and'Deutsch and Deutsch (1963) claim that all 
stlnTulus information is processed so that a memory system ^is an integral ^ 
part of the attention process. ^^S^Ieaning is extracted from incoming* signals, /; 
before^ selection Is accomplished, • • * • ' 

Much of the data. base form which the^e models have been derived have 
utilise^ a dichoti^ l;Lstening task. Separate messages are presented vi^ . . 
earpl;|Ones to left and right ears. Sometimes sybject$ are' required *t*o ^ - 
repeat the message in one ear (shadowing) "or sometimes only to attend 
(monitor) a specified ear without vocal" coding. A serious issue .^n 
^iichptic stimulation concerns the 'method^ used to generate dichotic 
stimulus tapes. It is important that mess^es in both ears by equated ^ 
for intensity^ duration and onset time^ Since humans are ^quife adept at ' . " 
auditory localization, small temporal differences in onset asynchiNDny 
may provide important 'Sues' in the' dichotic stimulation task^ It is 
essential that such onsej^^synchrony be carefully controlled and limited 

\o less, than onfe,msec. Mq^st prior research hatS not maintal;ied this sta'ndard 
and a major accdmplishment of this, project has been the d^elopment ancj^ 

> testing of a, minicomputer vsys£em to, generate dichotic. stdifiuli to these 
speciTications. This system is described in a following mephodt^-sectionV 
of the report. \ • ' , ' , . 

Tfie first major model of attention was proposed by Bro^dbent (1958) in 
.an influential text entitled Petception - and Communication . A later text, „ ^ 
Decision and Stress (Broadbent, J.971) discussed modifications of the mpdel 
based upon' accumulated ^vtdence especially that of Treisman and her colleagues 
Broadbent originally positeda filter mechanism which prohibited the flow 
of unattcnrfod. information while passing attended information. However, 
BVoadbent*s model^did not remain long unchallenged. Gray and Wedderburn 
(1960) used the dichptic listening paradigm to pwsent words which were 
divided between both channels. Thus, the left ear might be presented [ . 

witfk the syllabi^ one tir three, while the right ear received cx two pate. 
If, a filter existed which completely rejected the unattended channel, , 
.subjects should be unable to report cpmj^lete words. Findings wer-^-6n- 
equivocal with subjects being able to attend to both ears U) report Complete 
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words, even at factVEhresentation rates. Unless we allow thd filter. to 
, switch back and forth between channels a^ very high i^ates, the filter 
model se,etns ^estiona))le. Treisman *(]:96^, 1969) -has sugg^stW an 
attenuation model-to replace the rejection* model of Broadbent.^Thus, 
an unattended jnessage i§ still recelyed^ut its' intensity is greatly 
Reduced. Therefore, the information in tjie unattended. channA can be 
retrieved if 'it is* high pi^iority (e.g., suljject' s 'name or contextually 
' relevant)^ h * 

^ Broadbent and Gregory (1963) conducted a^n exper'iment\aim6d at ' 

• (fistiftguishing between rejection .versus attenuation "of the unattended 
"channel. Using the dichotic listening method-, digits were fed into the 

listener's left ear and burst of noise into his right ear. Digits were 
presented at a rate of 2 per sec in, series of six-item lists. Half of .. 
the nc^se bursts contained a pure tone of 1000 cps. Tlje." observer was 
required to judge if the tone had! b'^een present within a noj^se burst. 
Ill condition DA (divided at^tention) subjects were yequired to^irst write 
do,vm the six digits before rating the p^esencs^or abserfce'of the , tone. 
In the C (controller concentrated attention) cdnditioji the 'digits* were 

Tto be ignored. In terms of, the theory of signal d-etection tTSDVa filter 
or blocking ^wpdcl predicts that listener sensitivity (d*) should 'bgs'un- 
changed for both conditions' while a large increase in *r?ceiver criterion ' 
(beta) should occur in the unattended channel. lAttenuation theory predicts 
a change in detectabilijiy (d'). Br/>adbent and ^qt^gdry found* coAdition C 
to result, in greater receiver sensitivity and concluded- that Broa<n>ent*s 
e^arlier formulation was- in^c^frect. However, there were two flaws >in the ^ 
Broadbent and Gregory experiment. First, in condition DA^ the report 

' on the tone was delayed until the digits, ha^ been ijefalled. ^PaA of 
the observed decrement may therefore^e due to memory loss rather Ch^n ' . 

♦ change in receiver sensitivity. This illustrates the .danger of trying 

to study attention as an i,sp'lated pprtlon of hifmaiT behavior. Second^ ' [ 
utilization of channel capacity to memorize the digits may interfere withV 
tone procesping-on a higher (e.g., non-sensOry) level, yielding/a decrement 
despite^ the total^availability of the ^tone a^s a sensory ^ent^ A tone ^ | 
detec'tiion experiment conducted in "the present research was designed 
to rembve these dif ficultiesj , * . • . 

BotH^fllter and attenuation models are similar in ];hat selection occur 
at^'at^^arly stage of information proce^s^pg.* Bdth 'models claim that 
attention operates on the stimulus representation and limits the amount 
of information available for later processing. Another class^^of attention 

•models proposea by 6eutsch*and Deutsch (1963) and Norm^h (t969,)- locates 
thfe' selection mechanism further bapk in chain ♦of processing stages. 
Thes^^ models permit selection only aiter meaning has been extracted from 
incoming signals. Thus a memoty ^ub-system ia an integral part of these 
late selection models. iNow models will be compeared in the c^ont^xt of 

" a recent ^q^eriment cpnducted by 'Murray and Hitchcock (19(>9). . . 

Murray and , Hitchcock usaS a dichotic •llQtening task but rather than. \ 
h^ye the;Lr subjects recall an entire, string of digits, they tried to. ' 
reduce memory load by using a probe technique. Five'^airs of digits #wei?e 
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pre^ntcd dichotically a% rtrtr#8 .of eithe^r one or two- pairs per secorvd, 
Followinp, the list presentation, *dne ot the digits from one of the two 
lists was repcAt(jd (pVobe dinit> "a:ul The subject was instructed' to recall 
the digit that had followed the ^robe digit^in the same e^r. Each ear 
was tested with equal probability so phat on half the trials an -unattended 
message was probed (tested). The other independent variable of interest 
was type of ceding for the shadowed message. In tjie NC (not,-code) 
condition, subjects voiced t"he v;ord ''the" as each pair arrlvdd; this was 
aiiv.ed at preventing, subvqcal rehearsal. In the SC (silent-code) condition 
Subject? .were to sh^dtTw one ear by saying the digits silently to himself. 
Finally, in the MG (nouth-code) condition subjects silently articulated 
the digits with observable oral movements, 
^ 

Results shoved probe recall for^uncoded messages to be unaffected by 
the type of coding used for the other message. Coded messages were recalled 
better than uncoded messages. When serial position probed (positions 2-5) 
is varied, primacy' and recency effects'were less pronounced for the fast 
presentation as compared to Che slow i:ate although there was no difference 
in overall recall score for the two rates* Two ancillaxy experiments 
shoved recall to improve when subjects were informed in advance which of 
the two messages would be probed; when subjects were requir.ed to copy 
the unprobed m^essages with j^^r being probed known in advance, recall of 
the probed message was poor. ' * . ^ ^ v ^ 

Murray ^and Hitchcock .interpreted their findings as supporting an 
auditory storage System, called ephoic memory with the duration of this ^ 
sensory me^nory trace being, directly depehd^nt upon the attention paid to 
the incoming stimulus material, Makfnf? a verbal response, however, as 
with the dichotic messages, prevents ^from responding to the uncoded lists. 
Murray and Hitchcock argue thatf this ±s further demonstrated by comparing 
the results pf ' the main, experiment with those of *tfhe first subsidiar^y 
experiment where Ss knew in advjgfnce which message would be tested. Here 
'could totally ignore the other message, and heVe- recall of the coded message 
wae maximal/ Subvocal •coding is therefore not enough to ensure maximal 
tec^alO,, 

The possibility' Remains, however , ^that the poorer recall in the main 
experiment as compared the "know* in advattce" experiment is a result of 
Ss trying to switch attention. Murray and Hitchcock argue against this 
possibility by presenting data on the number of intrusions (digit ^recalled 
from wron^ ear), from the uncoded into the coded lists, for the main and 
the, "know in advance^" experiments. The number intrusions is small. 
For ^l^ent code (SC), mouth cod^ (MC) , and "know in advance*' conditions, 
there were more intrusions for the fast rate than for the* Slow rate, 
although ng statistical test is reported, 'Tfhese results may be a result i 
of a difference in coding efficiency for fa$t as opposed to slow-vrates 
depending ppdn rehearsal strategies, as suggested by Muttay and, Hitchcock. 
This interpretation is^given' support by the presence of a significant rate 
X .serial position interaction. Further, by inspection of Mi^fray and 
► HitE1iCock*s data it may be ^een that sweater differences (as'^a function, 
of rite)* in number of intrusions occurred at-seriaT position ,5 than at 
other^ positions; . Therefore, it^ appears tha^t a greater numbej: Of errors.. 
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of intrusion occur for the most recently pitesented pair when presented J*'' 
at tne, £c.st rata* . ' •-s^ " • ' 

Qne possible explanation of this might be to argue that cbding affects 
not perception^- but memory, by ensurl^^p ^-mor^ permanent trace, IS a decay 
hypothesis for the echoic memory ^trace is assumed, then the trace should 
be "stronger^* (in some sense) for more recently presented material, Thert>-^ 
fore, a coded as opposed to an uncocked item should be recalled better, 
and the difference in recall for coded as opposed to uncoded items shoulcj ' 
increase .as^recall is tested from more recent or less recent items. ^Purt! er, 
since the proi)e digit followed the final pair of a list;'after the same 
period of tine as the intcr-pa\r interval (i.e,, one -second for 9I0W rate . 
and a half second foiT the fafst rate), at- fast presentation rates the 
"echoic" or trt.ce would »be stronger'or less ^decayed' when the probe was , r 
presented than for the slow rate. In summary, this argument holds that the 
intrusions represent an interference between verbal short-term mei}>or/and' 
echoic memory. 

^ This is essentially Norman^s (19<58, 1969) position although Notman • . 
holds that' the interaction takes place within the samd^^emor;^ system^ 
Norman (1969) maintains that other theories of attfentionN^dh as proposed^ • 
by Broadbent (1958) end Treisman (1964), require a sensory^stQrage system, 
prior to attention. This has variously *been called the *S-systeiilt. (Broadbdnt, . 
1958), preprfrceptoal store (Turv^ey, 1966), and (for addition), ecjicflc 
memory (Neisser, 1967). After the fiubject is instructed to recall A 
message, he is able to retrieve the contents of .l^is storage system., 
However, 'after a 'long de'lbay, the contents of thifi system ^re no longer , 
available ,_0.itic^e this material decays over time and/or is degraded by 
interference. ' * . ^ ' * 

. Norman maintains that selection cfp'erates aj^ter the analysis of incoming • 
messages has occurred on th^ basis orboth physical characteristics and • 
meaning. He argues (Norman, 19^9) that the meaning of' a m(^ssag*e cannot be* 

^determined without reference to memory, 'and if. meaning jLs exttacted from / 
all signals, then all messages must get analy^:ed thrfeugB permanent memory 
and must alsoj^e present briefly in short-term memory. The, prediction 
follows that the, subject should remember stimuli to which be has not' 
attended, and he pi^esents evidence which '•supports this prediction. Worraan 
h;3d subjects shadow Er.gllsh words .present^^d to one ear. They 'were then 
tested ^or their memory of numbers which had beert presented to their other - 
ear. The resu^^ts ^J^ndicated that Ss were unable to Recall Jhe digits if 
they were required to shadow for seconds before being asked to recall the 
digits. After immediate recall instructioijs, however, ^^did remember •\ 
some digits. Norman interpreted these results ah indicating that non- 

' attended information getsjlnto short-teem 'memory, but is not>.transf erred 
to long-term* memory. * Although* the act of shadowing denies the ^use of ^ 
rehearsal v:hich is deemed nece'fesary to retain, material for any length of 
tijne, th§. short-term memory instill operative. Thud, Norman^s model of * 
atlention make^ the same* predictions: that coded info.rmation should be ^ 
recalled be^te-r than uncoded information becausd the coding'itself guarantees 
retrieval;* that thesc^ 4if f erences should be;. greater *'a8 recall 48 tested- 
from more recent to less recowt itferas; and that' at fast presentation rdtes 
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.more intrusions of uncodedo^nfonnation in^o coded information should" 
occur tfhan at slow rates/ " . * . . . 

An additional explanation of\ these intrusions is *also possible. ' ; , 
Treisman ^(1,964) suggested that> mes^agc^s to vThich does not attend a;:e ' • 
Att.cnudtedj so 'that .far a dichotioally presented pair 'of messages che' * 
, attended message (signal) is .more .intense than the unattended mesjsage 

(nqise). l\ this is^ so, and if .material in echoic memory is less likely^ 
'to be retrieved as the period betvfeen presentation and recall increase^, ^ 
then^ the .signal-t6-noise ratio should be less for recentljj presented /- ' 
messages than for ijiessat^ts presented earlier. Implicit in . th:^s\nrgum*ent 
is' the assumption ^that both signal and noise '►decay at the same r^te* From-.- 
this pbsition it may also be, predicted that for more recent it^ms there 
.shoyld be more iut-rusions from the unat;tpnded to -the attended ^channel* * 
.In addition^ at fast rate4 of presentation, more iriCrusipns should^ oc^iir 
since -there hits been less time for decay of t|ie two signals • Trei.sman " 
proj)osed that selection reflected a hierarchy of tests, -thp lowest^est 
be)Cng an analysis based^upon giros^s physical characteristics of the\mes»sage 
^siich as pitch and intensity. -She proposed on th'e basis of Empirical findings 
(Trei^an, ^964), that ;;he ^initial seleclRjin of. messages occurred. at this 
low IWel of processing and that only laCer in processing, did an ^analysis 
of meaning occur. From this position additional predictions regarding 
intrusions of linatXendec} -material iqito recall of attended material may 
be made whixJ|> do notrj^llow from Norman^ s model-*- More iu-trusions of ^ 
items from the iunatte!t*^d to the attended ear phqul^ occur when the ^ 
messages? cohsist of similar sounding words than-wlifin they are different 
sounding; in addition, this should be more likely to ocpur at the* fast, 
rather than *8low r;ates»of presentation, since, as ^rgued above, kt slow 
rates ^the, effects of attenuation should be more marked,. '}^so'of^. interest^ 
are th*e effeqts pf s'emantic relationships betvxeen the attended and unatterided 
messages* If liigher ^order tests are necessary to analyze- meaning^ then 
these tests should take iiiore time than the gross physical anal^^^ses* PoSner 
1^ Mitchell (1967) have demonstrated, in several experiments that "ss^me" 
responses for' two physically identical visual stimuli wfero 70 to 100 msec 
faster than "same" responses to pairs of stimitli having only the same 
namQ.^ These? situdL^s clearly' suggest that ^s can respona faster on the 
basis of physical characteristics than they can on the basis of i)igher ' 
order charactjariatics sucK^as meaning. \ To the extent that*" more tinie is . 
avail'at)le fof^these hi'gher order testfs at slow rates'of presentation,**, 
as opposed to fas^ rates, thrfen intrusions from the unattended to the' 
attended message should be more* likely for synaji3rm8 at the slow rate, 
than at thfe fast rate, since thene is enough time between items to 
al4.ow an analysis basfetd upon meaning Th§se additional predictions . seem 
.to be inconsistent with the view that interf erqfnoe o^.curs within a single 
short-term storage system. If items ^^n' short term mfemory aire stored on 
the bases, of meaning rathet than on the Iflasis of sensory factors .such' as 
duration,, pitch, intensity, 'i.e., ^groa^^pnysical features, -as seems to be 
indicated by evidence reported ByT Miliar (J.956), Njjrmart (1966) and Waugh 
and Jtorman (1965), and if attended unatterided information are both" 
held in this same system, then intrusions atros^ channels should occut 
not on the basis of sound, ^ but ^In^ead on the bdsis of meaning.^ 
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* , ^ , . . METHODS • . . 

\ . i . \ . 

Word lixperliTient • 

— ^ . \ , . - - 

Dichotic stimulus tapes we're prepared using a minicompute'r system • 
de\relo'pc<J in this project (Knight & Kanto^itz., 197'3). This article is^ 
Included in tHc appendix and givds a detailed dascription of the computer 
.method-. ,Th.e following is -a simplified .descriiJtion of the system and its 
advantages. * ' \ . / 

Tlje tjQ^ical non-coml^uteri'zed f);rocedure "fpr construction o'f dichotic 
ta^es (e.g. , /lurray h Hitchcock, 1969) first records one channel on a' 
stereo ♦tape recorder , ^perhaps in time to ^ metronome. The second channel 
'is then recorded manually, so ttet synchronization depends, upon the skill 
of* the recor^ist;i A visual check is *then inade 1^ running the tape and 
displaying hotli channels on oscilloscope. -This crude procedure yields 
large and variable onset asynchxonigs'. Other mechanifzed approaches require 
either large comguters or spe<iial purpose equipment.' The present procedure 
requires only a small minicomputer (8K of memory) wliich is a^gfaat advantafje 
since such computers, aire becoming more, and more common in the psychological 
laboratory.' ✓ ' ' * * ' 

The system can be used by an operator with no special technical trail!- 
• ing. It operates in two stages. In Stage 1 monaural words are digitized, 
adjusted to a fixed preset, lengtft and stored.- JLn Stage 2 pa^irs.of adjusted 
words are recorded on audio tUpe. The tapes used in this experinfen^t had 
onset a^ynchronies less than 100 microsecs anp intetisity of 70 db'' SPL + 1 db. 

Words were common one-syllable words ^elected from Thorndike-Lorge* , 
frequency categories AA and A.' These were recorded by a phonetician 
(standard America*! aialectj and then processed by computer. 17ord length 
was set t6 400 msec. Dicrfiotic tapes were recorded directly from the 
computer onto a Revox-A-77 tape recorder which was lat^r used to present 
dichotic lists to subjefcts^* , J ^ 

Two groups: of 1^. female undergraduate subjects were used. One group' 
had lists presei^Ved &t a Past rate (2 word pairs/sec) and the other had 
a *.Slow rat^ "(1 pair/sec). . . ^ , 

A trial consisted of five dichotic word-p^airs prec^decTby a monaural 
burst of ^ white nofse. Figuire 1 shows a schematic rendering of a tria]...* 
After the last word pair, another noise burdt was presented binaurally.> 
This was followed by a binaural probe word, which had appeared previously 
in one of the five dichotic pairs. Subjects were given 10 sec to write 
dovm the w6rd which followed the probe word in the same ear as the probe 
word. Thus, for"^ example, if the five pairs were 12, 34, 56, 78, 90j wherW 
digits 13579 occurred in the^ left ear and digits 2A680 occiirred in the . ^ 
right ear, and the probe was the digit 3, a correct response would have 
been the digit, 5. y * 

Four test tapes of 56 trials were \X3ed\ The first 8 trials of each 
tape wchre for practice and used only digits.* The remaining 48 trials 
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jised word pairs which exhibited^bne of foyr types of relationship: • ^ 
Temina] (T)-both words shared the saicc final phoneme, e.g., GAIN-MIN; 
Lnitial (I)-both words shared the same first phoneme, e.g., VAGUR-VASE; 
Assx>ciat/^s (A)-'both dichotic words were high-frequency associateji, e.g., 
IJIGHT-DAY; Synonyma (S) each word in a dichotic pair was a synonym of 

' the other, e.g., Wini>BROAD» The type of relationship used, i.e., T, I, 
A, or S, remained constant for . AS^trials. On 2A trials the preceding 
nwnaur^l, white noise, watning signa'l occurred on the left ear, indicating, 

1 that subjects "should attend to the left ec?rl Hov/evcr. no vocalization 
(ihadowinj^) was required. , On half of these 24 trial^, the probe word 
wAs dra\/n from the i;ight (unattended) ear and on half from the atrt^jnded ^ 
ear. • On the remaining 24 trials, the right ^ar was ?bct:^nded with probes 
a^ih being drawn 12 times from each ear. During each of 'these T2 trials, 
^eabh serial position was probed 3;^inef:; note that since the lasu serial 
position could not be probed (since acthlng follw*^^ it) only fo^r se.rial 
jpositions could be tested. ^ • ^ , » , ' 

! • ' ' ^ ' 

Subjects were tested in groups of four. Each subject sat in his own 
liooth and could not comunicate with other subjects. A $5 bohus was given ^ 
to the subject who recalled the greatest number of correct attended-channel 
words, instructions noted that the unattended channel would be tested 
also. (See Appendix I*) < ' • 

* i , \ ' ' - • 

Tone E^cperiment ' . * ' 

Stimulus tapes ^f or this experiment were prepared by the ^brid Computing 
^facility of Wright-Patterson Air Force Base. A standard signal' detection 
task with ..50 signal 'probability, 1 khz sinusoidal tone, and a signal/noise 
ratio of 16 db was recorded on one channel. Signal duration was .5 sec. 
Digit, lists were recordc^Aion the other channel, \fliite noise and digits 
commenced simultaneousl/. The, signal, when it appeared,, occurred e^ctly 
in the middle of* the digit list. Digits were presented at a rate of 2/sec.' 

Sixty-nine subjects tested for normal heartpg participated in all 
four experimental treatments. In the divided attention (DA) condition, 

^sul^jects were required to attend to both digit and signal-detection tasks. 

^ Three DA conditions had list lengths of two, six and ten digits. In a 
control (C) or concentrated 'at;tention condition, a six-digit list was 
pre^iented but subjects were^dnstructed to ignore the digits aitd to attend 
only to the signal-detection task. ' At the end of each trial, subjects first 
reported the presence or absence of the toi^e and gave a confidence rating 
on a fbur-point scale; then, for BA conditions they wrote down the digits 
In the order in which the digits occurred on that trial. Each condition 
consisted' of 30 trials. ^ ^ ^ 



RESULTS 



Word Experiment 



Four dependent variables proved ii^tteresting: number of intrusions, 
number of correct responses, number of errors from^ attended car, number of 
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errors from unattended ear. Number of external errors and number of null 
responses although exaxdined were not useful Indicants. 

Intrusions.^ An intrusion is defined as a response from the correct 
serial position but incoY-rect channel. Thus, if a trial had digit pa^rs 
of 12-, 34, 56, 78, 90 and 3 was the T>ro^ digit, 6 would b^ an intrusion. 
Table 1 conta1;is intrusions for each list relationship as a function of 
presentation Vate. \n\±le more intrusions occurred atlthe Slow rate, this 
effect was not statisticall reliable, F (1,28) « 1.85, p > .05. Effects , 
of list relationship were significant,' F (>,84) - 26.137 £ < .001. While 
all lists differed at the .01 level of significance by Newnan-Keuls test ^ 
'(e>:cepr S vs» A at .05 level), a contrast Comparing acoustic lists (T and 
I) with semantic lists (S and A) revealed significantly more intrusions 
for- acoustic lists, F (1,84) » 98.38, £ < .001. Of great^pT importance 
is the interaction between presentation rate and' list relationship, £ (,3X84) * 
3.56, £ < .05. While acoustic lists were unaffectedly rate^ more intrusions 
occurred at the Slow rajt^for semantic lists. This^Ptsult supports the 
attenuation model of Trei^man. At the Fast fate only acoustic tests can 
be performed but at the Slow rate, semantic tests can also be performed. 

As was expected, significantly more intrusions' '(668 vs. 360) occurred 
when the unattended channel was probed, F (1,28) » 44.42, £ < .001. 
Intrusions generjilly increased wj.th serial position: 150, 204, 371, 303, 
IP (3,84) «y3.10, £ < .05. A contrast comparing ' the first two and last 
two serial positions was significant, F (1,84) « 96. 52^ £•< .001, indicating 
more intrusions for later serial positions.* Number of intrusions for 
e;iich list relationship, for attended aad \inattended channels, 16 displayed 
in Figure 2 as a function of probe serial position, i..e., serial position 
one means that the J.ntrusion occurred* in the second pair of words, Tnese 
curves are pooled over Fast and Slow rates, since no rate X serial position 
interaction was obtained, F (3,84) « 2.64, £ < .05, contrary to ^the findings 
of Murray and Hitchcock (1969). This implies that attention does not 
affect memory by ensuring a more permanent trace but instead effect perception 
at the time of input. The finding of Murray and Hitchcock of more intrusions 
for the most recently presented pair at the Fast rate, is most likely an 
artifact of the unequal delay between the probe digit and the last dichotic 
pair presented which was confounded with rate. In the present study, this 
interval was constant (1.5 sec) for both rates (^see. Figure 1). In the 
present expierinent, intrusions do not appear to'result f^qpi an interference 
between echoic and verbal short-term memories. €n Figure 2, tliere i^s a 
decrease in the number of intrusions for the last serial position relative 
ta the third serial position (although there are still more intrusions 
than for the first serial position) for most listsj an exception is the 
rise in intrusions for the A and T lists when probed isoh the unattended 
channel The possibilJLty that serial position threevd^td not benefit from 
ei'ttier recency or primacy short-term memory effects may account fop the^ 
intrusion rate peaks at this serial position. The significant three-way 
^Interaction (list type X attended-unattended channel X serial position), 
F (9,252) • 8.69, £ < .001^ may largely be attributed to the failure to 
Tind an intrusion rate peak for semantically related lists when the 
unattended channel was probed. ^ % 
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Figure^'?..' Serial i>osition effect for intrusions as *a 'function of List type 
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Correct lesponses ^ — A correct response is defined as the word 
following Che probe \:6rd In the sar»e* channel, e.g., if' digit pairs 12, t 
34, 56, 78,-. 90 were presented and 3 wa? the probe digit, .5 would be the 
correct response. The overall proportion of correct responses was quite 
• low (.24). This 4s a, joint effect of the, task difficulty and the use * 
of experinentally naive subjects with* little practice in dichotic listening. 
Many studies of ^lcho£ic listening have used small numbers of extremely 
wtill-rpracticed jaubjccts. Since a major aim of this study was the 
inv^tij^ationl of intrusion Errors, fi large numbtir of unpracticed subjects- 
was used, , ' ' • > 
. \ 

No differencft^ was found. in the number of correcf responses as a functio;i 
of presentation rite with 752 correct responses for the Slow rate and 745 
for the Fast uate, F (1,28) < 1;0-. Since the time ftom offset of the Jast 
(fifth) worci-pair to prolJe onset vaS equated for both rates (see Figure l)j 
this resulti inpliee that overall, neglecting serial position effects, ^ 

^ the greater intej-pair delay at the Slow rate w^s counteracted by rehearsal 
during presentation. Corrcict responses were fewest foi:, the S list (305) 
while the A If^t (416) h^ad^ the be$t performance, and the acoustic list 
relationships were intermediate (T: 35V- 1 •381*), £ (3,84) » 9.38, £ < .001. 
Newman-Keuls test showed the S list t^<> be reliably poorer than all other 
lists (£ < .01), while a; T, and I lj.sts did not differ at the .0^ level 
of significance. No interaction between presentation rate and list 
relationship was obtained, £'(3,84). < 1. Performance improvecf for later 
serial positions as expected (272, 300, 395, 500), F (3,84) ^« 35.56, 
2 .001. The interaction between presentation rate and serial position 
is shown in Table\2. The Fast ratq produced better performance at the « 
first tv?o serial positions, while the Slow rate was better for*»the two 
terminal positions, £ (3,84) « 3.06, £ < ,05. This resuljt was true for 
all four list relationships. One/ explanation of this finding could be' 
a relatively greater loss of item\lnf onnation in the Slow rate. Performance 
is poorer at the early serl»^*positions because ^he subject is lets likely 
to recall early 'items and 'instead recalls (incorrectly) a later item from 

> the attended channel, However, ,this loss of early itemis is beneficial 
at later serial, positions since the weakened early items do ..not interfere 
with later items so that correct recall improves. 

As expected, more correct responses were made when the attended channel 
(iQfiT? corrects), rather than the unattended channel (410 corrects), was 
probed, F (1,28) « 118*81, £ < ,001, However," this attended-unattended 
channel effect Interacted with List t^pe as shown in Table 3» £ (3,84) r 
26,20, £ < >00iV It can be seen from this table that probing thd^ unattended 
channel was far njore detrimental to performance when semanticjally , rather 
than acoustipally, related word-pairs we'fe presented. 

' Figure 3 shows that pferformance Impfroved much less rapidly" at terminal 
serial positions when the unattended, rather than *the attended, ch^nxiel 
was probed, F (3,84) » 4.57, £ < .Oi. This finding suggests that $ubjects 
hontinued to process echoically stored information from only the attended 
channel^ following list presentation. * Since the echoic trace of recent 
serial positions is most salient>, t^he bias* toward continued attended 
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Table 3 , 

List Effects on Namber of Corrects as a Function of Probing t|ie Unattended 

tand Attended Channel * . ' 



Channel 
Probed 

Attended 

Unattended 



List Type 
Semantic Lists 



263 
42 



332 

« 

84 ^ 



Xsemantic 



297.5 
63 . 



Acoustic Lists " 



237 

158 



. 255 

, 126 

« 0 



Xacpustic 



246 
142- 
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Figure 3. Serifel position effect foi:~ correct responses. f;rora Attended 
^ . and Unatte nded !:hannels. > ^ 
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channel processing should produce' the greatest attended channel advantage 
at final serial positions* ^ 

A Presentation rate X Lisftype X Attended-unattended channel inter- 
action is shownJLn Tal)l^ 4, F (3,84) « 3*29, £ < •05* TWo principal effects 
are evident in^, Table 4, First, there is a greater difference between attended 
and uno^ttended channel performance when semantically related word-^'pairs 
(Lists S and AJ, rather than acoustically related pairs tl^ists'*! and I), 
were presented. Second, Presentation rate had little consistent effect 
upon acoustic list performance but did influence semantic list pferf oi;Tna9ce, 
For semantic lists (S and A), fa^t presentation rate was superior to slow 
presentation r^te when the attended channel was.probed. When the unatte^ij^ad 
^channel was probed,^ the converse obtaiped: performance at the slow presentation 
rate was superior.* — ^This revicrsal may be understood in terms of the effects 
of unattended channel processing. When the unattended channel was probed, 
any. unattended channel .processing would have been beneficial. Such un- 
attended channel processing is minimized by fast presentation**^^ However* 
when the attended <ihannel was probed, any unattended channel processin^gl ^ 
was probably disr-iptive since increased load would be placed on perceptual , , 
and memory systems, Tlie ^failure to find a similar rate effect among ^ 
acoustic list conditions may reflect the relative simplicity of acoustic 
filtering processes: the came degree of acou.stic filtering was possible ? 
at both fast and slow presentation rates, ^Ihys, the interaction dep-icted'* 
in Table 4 suppdrts a hierarcljical filterl.'^g system as pcopose'd by Treisman % 
(1969), . . • \/ 

As when intrusions were analyzed^ an Interaction between List type^ 
Attended-unattended channel, and. Serial position was found for correct 
responses. This interaction, shown in Figure 4 was sta(|Lstically signj/icj^iit, 
F (9,252) ° 4*53, £•< ,001, Unlike the intrusion data, correct recalls 
showed no peak at .central serial positions but increased with serial 
position for all conditions other than terminally acoustically similar * 
(T) lists, wheu the attended channel was probed. F^rthei^orc, it appears ^ 
that- the serial position effect is unusually small when semanticaliy related 
lists wete probed on the unattended channel, 

^ Errors from attended channel ,— An error from the ^attended channel (EAC) 
is defined as\ an, j^t^em, other than the correct item, or an intrusion from the 
ear which was jnonitored by the subject regardless of which car was probed, 
e,g,, if the dtgit pairs vere 12, 34, 5'6, 78, 90 and the jprobe was 3 or 4 * 
and^th^ left (pdd-digit) ear was to bfe attended, then E^C would be the 
digits 1, 7 or 9," The greatest number of ' such drrors occurred* for 
Synonyms (485), followed by Associates (478), Terminal (321) and Initial 
(313) lists, F (3,84) « '20,95, £ < ,001, More EACs occurred when the . 
unattended channel was probed (986) than when the attended .channel was 
probed (611), F (1,28) « 49,66, .001, This result was true for all 
list relationships, except T lists for which etqual E^Cs 'were produced. This 
can be^ Attributed to a r^esjjonse bids foy the attended .channel with ^ sub j ects 
tending to respond from the attended cjjannel more often than from the 
'Unatten&ed channel regardless of which channel was probed. An interaction 
between rate and si^ial position, F. (3,84) « 3,00, £ < ,05, is the inverse 
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List Effect^ on Number of Corrects as a Function of: lY Probing 
tl^e Attended and Unattended Chann'el and: 2) PresentatAon Rate 
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of this interaction , for correct responses^ , > ' 

^ ' ^ * * * l ' . * ' ' 

Errors from unattended channel.4- An* error from the unattended channel 
(EUC) is similarly defined as *an incorrect item drawn from the urimonitored 
phawnel; jLn the example above EUCs itouli be the , digits 2, 6 or -0, The. 
only finding of interest^ (Ta^iB* 5) was a reduction in EUCs as presentation 
rate increased when the unattended channel was probed, £ (1,28) « 4.70, 

Tone Expefiment ' • . ' . 

i . ' • 

Figure 5 shows ROC functions for each of the four attention conditions 
pooled' over subjects. I,t is clear that d' changes with condition. However, 
to avoid parametric and pooling assumptions, an additional analysis was 
performed-. Th^ area under the ROC function was separately calculated 
for each ^subject and condition and these data were then analyzed. The 
mean area under the ROC function was .95 fot the control condition,^ .93 
for the 2-ditit^A condition, .92 for the 6-digit condition and .73 for | 
the 10-digit condition, F (3,204) « ly, £ < .001. ^ Thus; tone detectability 
decrtjased with increasir/g digit load.^ . \ 

* , • ' « 

Mean recall scores, for ordered^and free recall kre shown in Table 6. 
For serial reciull, .effects of digit-list length, F 06,136) « 1)3, and 
tone presence vs. absence, £ (l',68) - 23.69 were both signific ant .at the 
.001 level, as was their interaction; F (2,136) « 22.74. Whfl^ recall . 
performance \^as ,independent 6f tqne/no-tone trials for both 2^ a^^ 6-digit 
DAjppnditions, performance was better in no-tone trials for thi 10-digit 
1)A .condition^. For free recall similar, albeit weaker, effects were also | 
observed. • Effects of ^list length, F (2,136) « 913, £ < .001 wkre^ again 
significant, although tone presence vs. absence just missed significance 
at the .95 leVel^ F (1,68) « 3,-49, .1 > > ."05. However, their interac tio 
was again sigjiif icant, F (2,136)' « 3.17, £< .05, due to^imprybved performance 

, on\no-tone trials at the^ 10-digit, DA condition.. Thus, while digit load 
had a. clear effect upon tone detectability, ^ich was most evident for the 
10-digit DA condition, a reciprocal effect upon digit recall was observed ^ , 
for the most difficult digit condition. Although serial recall scores 
which rfequire b^th order and item information were more sensitive than free 

^recall scores which require only item^ information, effects were similar 
for both laeasures. ' . '7 

( . . j ' • ■ ' 

CONCLUSIONS 

The two studies reported herein used dichotic stimulus tapes generated 
b^ computer. Such precisely generated* stimuli remove many of the artifacts 
i& previous rest^arch In this area so that more confidence may be placed 
,in these present results. 

■* * . "4 

; Results af both experiments were more compatible^ with early-selection 
ino*dels of attention than with lafe-selection models. In the word experiment, 
the dependence of semantic intrusions upon presentation rate coupled with 
the ihdependeivce of acoustic intrusions from presentation rate, supports 
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Effects of Presentation Rate, on Number c^of Errors from Unattended .Channel 
(EUCs) as a Function of Probing Attended and Jnatcerded Channels 
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Table 6 

Mean -ei^rrectly Recalled Digits 

Serial Recall 
Number of Digits to be Recalled 



2 

2.00 
1.99 



6 

5.13 
5.16 



10 
4.49 
4.99 



Free Recall 



Number -of Digits to be Recalled 



2 

2.00' 
1.99 



6 

5.68 
5.70 



10 
7.41 
7.55 . 
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3.87 
4.05 
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5.08 
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Treistnan s model of a hierardhical set of tests imposed upOn incoming 
stimulus material, Sirw:e attended and unattended information is maintained ^ 
in the same system accj/irding to late-selection models, intrusions should ( 
not be based upon acoustic relations but should occur more frequently for 
semantically related words since, according. to this model meaning is ex- 
tracted before attentional limitations are imposed. Indeed, the opposite 
outcome was obtained with considerably more intrusions for acoustic lists 
even at tjie Slow presentation rate. 



tone experiment, the early-selection model was again supported. 
Increasing digit-load resulted in poorer signal det^tion. Since the .tone 
was reported before digit recall,' this outcome cannot be attributed to 
memory decrement during digit recall, a criticism which could be applied to 
the Broadbent and Gregory (1963) study. However, it could be argued that 
within a trial presentation, a correctly detected tone could be forgotten 
while the rest of the digit string presented. The concentrated attention 
condition involved a 6-digit string and resulted in better signal detection 
than the 6~digit DA condition; however, this difference although statistically 
reliable was small. The major decrement was observed in the 10-digit BA 
condition in which tone report was delayed for one .sec more than in the 
6-digit condition. While it is rather unlikely that memory for a correctly 
detected tone could decay so rapidly during this additional one second, 
such a ^possibility cannot be dismissed outright. It is much more likely 
that the deficit is due to perceptual, as \Dpposed to memorial, processes 
occurring during stimulus input. Support for this position was obtained 

'in the digit recall scores. For both free and ordered recall, performance 
in the 10-digit DA condition was worse for trials on which a signal tone 

• had been presented. Since tone presentation was randomized, subject had 
no way of discovering a tone presentation prior to tone occurrence. In 
tl^e 2- and 6-digit DA conditions, dual-task load was sufficiently low 
so that subjects could both detect the tone with a high degree of accuracy 
and also recall the digits quite accurately. However, in the 10-digit DA 
condition, processing of the tone (when it occurredX-^^aused attenuation 
of the digit message on the other ear. This eff ect^was l^ore 'pronounced 
for ordered recall and this outcome i^in agreement* with a suggestion of 
Dornic^ (1973) thfft ordeir^ information M stored in a "lower storage mechanism" 
which is primarily echoic in nature with items being linked by their physical 
^features and order of occurrence rather thati being stored in relation to 
their meaning. The additional attentional demands of tone processing inter- 
fere with the entry of items into this primitive echoic memory. Such an 
interpretation has an interesting implication for Treisman's mddel: active 
utilization of an analyzer (e,g,, tone detector) is wore attention demanding 
than the maintenance of the analyzer in a ready state. As was noted by, 
Domic (I973y such a "lower storage" is more compatible with early-selection 

' than late-selection models of attention. 
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tnstr.ucftions 

Yoji are about to participate in an experiment designed to study how 
well people can pay attention under distracting circumstances^ ThI exr ' 
periinent will consi^jo:^ several blocks of 56 trials. You will be given 
short rest breaks bdttJ^en^each block of trials. The first eight trials 
pf each block will be for practice. 

At the start of each trial you will hear a one-second burst of noise 
in only one ear. The side^^f the noise burst* tells you vrhich side you 
should listen closely to duting the upcoming trial. For instance, if you 
heard ar burst of noise in the left ear, then you should pay attention to 
^rds presented in the left ear during the next trial. 
I * - . 

Shortly after the noise burst' five pair? of words will Se jiresented 
to you. In each paff of words, one wdrd will >be, presented to your left 
ear and one word will be presented to your rigrvt ear. You should listed 
to words pn the side indicated by the first no^s^ burst. 

After the e five word-pairs have been presented, ^another burst of noise 
/ill be given to tell you the presentation is ove^; \ 

Shortly thereafter you will hear a singlon/6rd. It^ will* be presented 
in both ears* This word will ^e one which y^m just heard, among the five 
word-pairs. \ ^ 

■ ^ ^ 

Your task in this experiment is to recall the word which followed 
tbis test word inuring f he "^presentation period. You will have teft seconds. , 
to write down^o^^r answer before the next trial starts. - For instance, 
if you heard 1,; 3, 4, 5 in the left ear and the test word was 2, then- * 
you should writ^^ down 3 as your answer. Similarly, if you heard 2, 4, 6, 
8, 10 in the right .ear and the test word was 6, then you should write down 
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We would also li\e to knov how cbxifident you are in your answer. Next 
to your answer write down a number fronKl to 5, 5 meaning very confident; , 
1 meaning least confident. 

Most of the^ime the test word will come from the side you were 
instructed to attend to. Sometimes the test word will come from the other 
side. However^ your score will be based ONLY upon trials where the attended 
ear is tested* If the test did happen to be from the unattended side, 
howevet, you would still, if possible, write down the *;ord,from the 
unattended side which followed the^ test word. 

It ia only fair that good performance be rewarded. Therefore, subjects 
in each experimental condition who achieve the highest scores willj be given 
a five dollar bonus. Remember that your score will dejJend only upon your 
ability to recall words from the side indicated by the initial noise burst. 



Appendix I (Continued) 
Instructions 
5 

Even though the other side is occjigionally tested, this will not be used 
in determining your performance since we -are primarily interested in how 
well you can focus your attention on a specified speech' signal. 

In order that we may notify the high scoring subjects, please write 

down on the top of the scoring sheet a malli'ng address at which you can be 

reached during the next' two months. Winners will be notified^ during this 
period. ' ' ' 

If you have difficulty hearing the signats, feel tired, ot otherwise 
unable to continue, please InWcate this to the experimenter at the end 
of a trial block. The word^ you will h6ar have been generated by computer » 
and 'therefore sound sligh^tly metSllic, However, they are common English 
words and, with a little practice, you should be able to undeTrdiand them 
well. If you have any questions, please ask the experimenter now. 



